Objectives: This study aims to investigate the effectiveness of Kinesio taping (KT) and sham KT on pain, lumbar range of motion (ROM) and disability in chronic non-specific low back pain.
Chronic low back pain is a common musculoskeletal disorder associated with enormous health and socioeconomic costs. [1] [2] [3] [4] Also, this condition causes restriction on mobility, disability and impairment in quality of life. [5, 6] Being pain-free likelihood for 12 months after the onset of chronic low back pain is only 42%. [7] Because of this reason, there is an urgent need for more effective treatments for this condition.
The current literature provides several possibilities for the treatment of low back pain like educational programs, behavioral cognitive therapy, medication, electrophysical agents, manual therapy and general exercises. [8] A relatively new treatment method for low back pain is Kinesio taping (KT), which is being widely used. [8] Kinesio taping is an elastic bandage method of which the mechanism is not clearly understood. This method was developed by Kenzo Kase in 1970 . This elastic bandage is thinner and more elastic than conventional tape, so it allows greater skin traction and mobility. [9] This special material is waterproof but non-degradable in water. This tape can be stretched to 140% of its original length, thus producing less mechanical retention and restriction for movement. [10] The therapist decides what level of tension will generate an appropriate level of traction on the skin. With this traction, an elevation of the epidermis can be promoted and then it reduces the pressure on the mechanoreceptors, which are located below the dermis. Besides, the nociceptive stimulus is reduced with this mechanism. The studies suggest that the tape can improve blood and lymphatic circulation, reduces pain, realigns joints and reduces muscle tension. [11, 12] There are many mechanisms for explaining the effects of KT. In a study, KT applied to lumbar muscles influenced chronic low back pain patients clinically and electromyographically. [13] Although KT acts on pain are not yet clear, some hypotheses had been made until now. [13] Sensory modalities act within interconnecting, intermodal and crossmodal networks. [14] Furthermore, some studies have suggested that keratinocytes may represent the nonneuronal primary transducers of mechanical stimuli and probably through signal transduction cascade mechanisms such as intracellular calcium ion fluxes to evoke a response in adjacent C-fibers. [15, 16] On the other hand, KT may provide afferent stimuli and facilitate pain inhibitory mechanisms and pain reduction. [17] Kinesio taping is also likely to change the pattern of recruitment of muscle fibers. [12, 18] Still, this type of treatment has to be scientifically investigated since randomized controlled studies are limited. Therefore, in this study, we aimed to investigate the effectiveness of KT and sham KT on pain, lumbar range of motion (ROM) and disability in chronic non-specific low back pain.
PATIENTS AND METHODS

Study design
This randomized, placebo controlled trial with a blind assessor was conducted in Ufuk University Hospital between May 2015 and December 2015. The study protocol was approved by the Institutional Review Board of the Ufuk University Ethics Committee (The registration number for the study is 30042015-4). A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Participants
Power and Sample Size Software (PASS; NCSS, Utah, USA) was used to calculate the sample size taking into account the difference between the Oswestry Disability Index (ODI) means (5 units) and standard deviation (6 units) at first week and alpha error (p<0.05) between the intervention group and the placebo group. [19, 20] If the true difference between the means of the intervention and placebo groups is 5, we will need to study 24 intervention subjects and 24 placebo subjects to be able to reject the null hypothesis that the population means of the intervention and placebo groups are equal with probability (power) of 0.8. The Type I error probability associated with this test of this null hypothesis is 0.05. To allow for at least 10% loss to follow-up, we increased the sample size to 60.
Sixty patients (22 males, 38 females; mean age 21.5±1.7 years, range, 19 to 25 years) whom diagnosed as chronic non-specific low back pain and with normal full blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and biochemical markers were recruited. Chronic non-specific low back pain is defined as a primary complaint of pain in the area between the 12 th rib and buttock crease for more than 12-week duration. Individuals were considered of inclusion if they were between 18-30 years and had pain with minimum scoring of 3 on a Visual Analog Scale (VAS) for pain intensity. Individuals were excluded if they had presence of skin diseases; contraindication due to use of the tape, pregnancy, known or suspected serious congenital spinal pathology, spinal surgery history, lumbar disc herniation, rheumatoid arthritis or spondyloarthropathy diagnosis; and physical therapy for low back pain during the previous six months.
By using the method on the website http://randomizer.org/ (Social Physiology Network, Middletown, Connecticut), participants were randomly assigned into two as either intervention (KT, n=30) or placebo (n=30) groups.
[21] All patients were blinded to treatment allocation while the physiotherapist who applied the therapy was aware of the procedure. Also, the physiatrist who performed the examination and evaluations were blinded to treatment allocation.
Intervention and placebo groups
Intervention group (n=30) was treated with Kinesio tape (Kinesio Tex Gold, 2in x 103.3ft, Kinesio ® , Albuquerque, New Mexico, USA) suggested by Kase et al. [10] six times by intervals of three days for 15 days. After the physiatrist's evaluation, a certified physiotherapist for this method applied the taping. Taping was begun by placing the patient in a neutral spine position and then the base of Kinesio Y strip was applied in the sacroiliac joint region, a minimum of 5 cm below the initiation of pain. For application of the tail of the Y strip on the right side, patients were asked to move into flexion with rotation to opposite side. The tail was applied with very light to light tension (15-25% of available) or paper-off tension. For the last approximately 5 cm, physiotherapist laid down the tail with no tension. Either the patient was returned to neutral position, or moved into forward flexion with rotation to the opposite side ( Figure 1) . So, the second Kinesio Y tail would be properly applied (Figure 2 ). [10] Placebo group (n=30) was treated with sham taping six times by intervals of three days for 15 days. Sham taping was applied with a "Y" strip of the same material on ineffective parts of the muscle without a tension to sacroiliac joint in neutral position (Figure 3) .
A home-based exercise program including isometric-isotonic lumbar exercises and back extensor stretching exercises were given to all patients every day during the treatment. No medications including analgesic drugs or non-steroidal anti-inflammatory drugs were allowed during the treatment process. Patients were told to avoid uncontrolled or vigorous activities. Also, they were advised to remain active as tolerated and to return to their normal daily activities. Patients were instructed to keep the tape on between taping sessions.
Outcome measures
Patients were evaluated at baseline, at the end of the first month intervention and at the end of sixmonth follow-up. The primary outcome measure of the study was pain intensity and the secondary outcome measures of the study were modified Schober's test value, hand-ground distance, lumbar lateral f lexion ROM for both right and left sides and the ODI.
Pain intensity
Pain intensity was measured on VAS, where 0=no pain and 10=worst possible pain. This scale was completed by the patients.
Modified Schober's test value
Patients were standing with their back towards the examiner. The examiner determined the location of the lumbosacral junction by precising the location of the dimples of Venus. The intersection of the top of the dimples of Venus is marked by drawing a horizontal line. This line acts as the landmark. The second line was marked 10 cm above the first and the third was marked 5 cm below the first line. The difference between the measurements in erect and flexion positions indicates the outcome of the lumbar flexion. [22] Hand-Ground distance
Patients were asked to bend forward and try to touch the floor with fingers. The remaining distance between third finger and ground was measured (centimeters). 
Lumbar lateral flexion range of motion
The active lumbar ROM (right-left lateral flexion) was measured using a goniometer when the patient was standing in neutral position.
The Oswestry Disability Index
The ODI is a self-rating questionnaire used to evaluate functional physical disability. It includes 10 sections of six propositions; each rated on a 0-5 scale. Relative values are reported (total score/ total possible score × 100%). Higher scores indicate worse disability. [23] 
Statistical analysis
The means and standard deviations were given as descriptive statistics. All data for normality were tested by using Kolmogorov-Smirnov test. Paired-samples t-test was used to calculate the pre-and post-treatment value differences. To compare the differences between two groups, the Student's t-test was used. A level of significance of p<0.05 was accepted. All analyses were performed using the PASW for Windows 18.0 software program (SPSS Inc., Chicago, IL, USA).
RESULTS
All 60 of the participants completed the study protocol and none of participants had any allergic reactions or any other side effects.
The demographic characteristics and baseline values of the outcome measures of the patients are presented in Table 1 . No statistically significant differences were detected between the groups at baseline values (p>0.05) except age, modified Schober's test and lumbar left lateral flexion ROM values (p<0.05) ( Table 1) .
For both intervention and placebo groups, statistically significant improvement in VAS (p=0.000), modified Schober's test (p=0.000), handground distance (p=0.000 and p=0.038, respectively), right lumbar lateral flexion ROM (p=0.000) and ODI values (p=0.000) were found after one month of intervention. These effects were sustained after six months of follow-up for both intervention and placebo groups for modified Schober's test (p=0.000), handground distance (p=0.000 and p=0.019, respectively) and ODI (p=0.000 and p=0.008, respectively) but not for VAS (p=0.136 and p=1.000, respectively) and right lumbar lateral flexion ROM (p=0.129 and p=0.211, respectively) ( Table 2 ). One month after the treatment, statistically significant differences were observed in VAS (p=0.000), modified Schober's test (p=0.004), hand-ground distance (p=0.003), right and left lumbar lateral flexion ROM (p=0.001 and p=0.007, respectively) and ODI (p=0.045) between the groups (Table 2) .
After six months of follow-up, only modified Schober's test (p=0.004), hand-ground distance (p=0.004) and ODI (p=0.025) values were statistically significantly different between groups. However, no differences were found in VAS (p=0.251) and right and left lumbar lateral flexion ROM (p=0.217 and p=0.857, respectively (Table 2) .
DISCUSSION
Non-specific chronic low back pain is a common musculoskeletal disorder with a high prevalence and recurrence. [3] Because of pain and disability, personal and socioeconomic burdens can occur. Kinesio taping is an alternative technique used in chronic low back pain. [24] Although this technique was described a long time ago, it has recently become popular. [25] There are limited numbers of randomized controlled studies about the effect of KT for chronic low back pain. [24, [26] [27] [28] Nelson [29] reviewed the studies which investigate the effects of KT for chronic low back pain and revealed that KT may be most effective when used as an additional therapy, while higher quality studies highlighted that multiple factors mediate low back pain in the short, intermediate and long term. Because of these reasons, we aimed to determine the short and long term effects of KT for people with chronic non-specific low back pain versus placebo tape application to the lumbar spine in terms of pain and disability.
In a study, the effectiveness of KT and sham KT in 60 patients with chronic low back pain were compared. Significant improvements in pain intensity and disability measures were reported for KT group at one week; but there was no significant difference at four weeks. [9] In another study by Parreira et al., [24] the effects of KT and sham taping for people with chronic non-specific low back pain were compared and at the end of the treatment protocol, there were no significant differences between groups in terms of pain intensity and disability measures at both four and 12 weeks after randomization. In our study, we determined significant improvement for pain intensity and disability measures at one month of the intervention in KT group and these positive effects were sustained for ROM and disability at long term. As a power of our work, we evaluated the patients in a longer time period and determined statistically significant differences between the groups for disability. This result may be due to the application of the taping method. From this point, our application method of Y strip with a specific tension may have led to an increased sensitivity of cutaneous receptors and produced more facilitation. There is no gold standard for the application method and period for KT for chronic low back pain and the application methods in the mentioned studies were different from our study. Also, we repeated the application six times. Thus, we may conclude that the appropriate application method and frequency for KT is important for the effectiveness of this therapy in terms of disability for both short and long term.
In the literature, there are also studies which investigated the effect of KT application for acute back pain. [30] In a study by Kelle et al., [30] 109 patients with acute non-specific low back pain were included and randomized into either KT or placebo groups; both groups received merely information and reassurance. KT was applied for 12 days. Patients were evaluated at the end of intervention and at the fourth week. At the end of the study, authors concluded that KT provided significant improvements in pain and disability. These results are consistent with our study in which we observed significant improvements in pain and disability at one month for chronic non-specific low back pain. The power of our work is that we investigated patients for a longer period of time and compared them to those with sham taping.
In a study conducted by Kachanathu et al., [31] 40 patients with non-specific low back pain were included and randomly divided into two groups; a group underwent conventional physical therapy with KT and the other group underwent only conventional physical therapy. There were significant differences in measures of pain and ROM in each group; however, there was no significant difference between the groups. Furthermore, unlike some other studies in the literature, [9, 24] we determined statistically significant differences in VAS, modified Schober's test, hand-ground distance, right lumbar lateral f lexion ROM and ODI values between groups after one month of intervention. Modified Schober's test, hand-ground distance and ODI values were significant between groups after six months of follow-up. This result can be explained by the exercise program in addition to KT application in our protocol. Therefore, improvements may be due to the positive effects of exercise. On the other hand, we did not form an only-exercise group that could be compared to intervention and placebo groups and this can be a limitation for our study.
In conclusion, KT provided significant improvements in pain, ROM and disability in chronic non-specific low back pain at short term. These positive effects were sustained for ROM and disability at long term but not for pain. These results may vary according to application methods and frequency. Since KT is a non-invasive physical therapy modality and there is no accepted consensus on standard therapy for optimum duration, frequency and application technique, further large studies with larger patient populations are needed to explain the application method.
